Candida albicans has four open reading frames for glutathione transferases of the GTT 2 classes, and another one coding for an Omega class member. In laboratory conditions,
Introduction 22
Glutathione transferases (GSTs) form a superfamily of enzymes which conjugate 23 xenobiotics or their metabolites to glutathione (GSH), followed by elimination of the 24 conjugates or their internalization in cell compartments such as vacuoles (Hayes et al., 25 2005; Frova, 2006) . Thus, they mediate detoxification of a large variety of organic 26 compounds. Most GSTs share a common structure composed by an N-terminal 27 domain with a thioredoxin-fold structure that includes the active site for the nucleophilic 28 attack on substrates, followed by a α-helix-rich region with the substrate recognition 29 site. GSTs have been classified into three main subfamilies based on their structure 30 and cellular location: cytosolic, microsomal and mitochondrial (Kappa class) GSTs.
31
Cytosolic GSTs have been the more studied ones, particularly those of animal cells, 32 although they also exist in other taxa (Frova, 2006) . Given their heterogeneity, cytosolic
33
GSTs have been divided into classes depending on sequence, substrate specificity, or 
42
Fungi also contain GSTs, although these are structurally and immunologically 43 different from other organisms (McGoldrick et al., 2005; Morel et al., 2009) 
49
Gtt2. Both of them act on standard GST substrates such as 1-chloro-2,4-50 dinitrobenzene (CDNB). Gtt1 and Gtt2 are functionally related to Grx1 and Grx2 51 glutaredoxins, providing defence against oxidants in collaboration with the two 52 glutaredoxins (Collinson & Grant, 2003; Mariani et al., 2008) . Gtt1 has been shown to 53 be associated with the endoplasmic reticulum (Choi et al., 1998) . The
54
Schizosaccharomyces pombe homologues of Gtt1 and Gtt2 also confer defence 55 against hydroperoxides (Veal et al., 2002) . This role against oxidative stress could be 56 related to the described glutathione peroxidase activity of S. cerevisiae Gtt1 (Garcerá 57 et al., 2006) .
4
Omega-class GSTs are present in many different organisms and are 59 characterized by their low or null activity against standard GST substrates. On the 60 contrary, they are active as glutaredoxins/thiol oxidoreductases and dehydroascorbate 61 reductases (DHAR) through a single cysteine residue at the active site (Whitbread et 62 al., 2005) . S. cerevisiae contains three Omega-class GSTs, named Gto1, Gto2 and 63 Gto3 (Garcerá et al., 2006) . Gto1 is peroxisomal and is involved in sulphur amino acid 64 metabolism, while Gto2 and Gto3 are cytosolic and their functions have not been 65 discerned (Barreto et al., 2006) . The absence of Gto1, Gtt1 and Gtt2 together causes 66 hypersensitivity to cadmium in S. cerevisiae, probably due to the GSH depletion 67 observed in the triple mutant (Barreto et al., 2006) . In fact, GSTs protect against 
76
Parkinson's diseases also points to the relationship between these GSTs and oxidative 77 stress protection (Li et al., 2003) . In addition to their thiol oxidoreductase activity, recent 78 studies have attributed other enzyme activities to Omega-class GSTs. Thus, they 79 participate in the transformation of inorganic arsenic to dimethylarsinate (Schmuck et 80 al., 2005) , which may explain the upregulation of an Omega GST in rice roots during 81 arsenic stress (Ahsan et al., 2008) . Drosophila melanogaster has an Omega GST with 82 pyrimidodiazepine synthase activity, which catalyzes a key step in the synthesis of the 83 eye pigment drosopterin (Kim et al., 2006) .
84
The S. cerevisiae Ure2 protein is a regulator of nitrogen catabolic gene 85 expression which exhibits structural characteristics of GSTs, although it lacks GST 86 activity on substrates such as CDNB (Choi et al., 1998) . However, it has glutathione 87 peroxidase (Bai et al., 2004) and thiol oxidoreductase (Zhang & Perrett, 2009) 88 activities, and confers resistance to heavy metals when growing with ammonia as the 89 only nitrogen source (Rai & Cooper, 2005) . The Ure2 protein from S. cerevisiae has 90 prion-like properties, but most of the fungal sequences with homology to Ure2 lack the 91 protein region conferring such prion properties (Morel et al., 2009 
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GST activity was spectrophotometrically determined by measuring the conjugation of
147
GSH to CDNB (Habig et al., 1974) . Thiol oxidoreductase (glutaredoxin) activity was 148 determined using β-hydroxyethyl disulphide (HED) as substrate, through the reduction 149 of the mixed disulfide formed between HED and GSH (Holmgren & Aslund, 1995) .
150
DHAR activity was measured as described in Whitbread et al. (2005) . Peroxidase 151 activity was assayed as described previously (Collinson et al., 2002) .
153

Northern and Western blot analyses
154
Electrophoresis of RNA, probe labelling with digoxigenin, hybridization, and signal 155 detection were done as previously described (Garí et al., 1997 
190
Human neutrophils were isolated from peripheral blood of health human
191
volunteers, using the S-Monovette 7.5 ml LH blood collection system (Sarstedt).
192
Immediately after collection, Histopaque-1119 and 1077 reagents were used to enrich 
228
GTT12, GTT13 and GTT14 in a recent study (Michán & Pueyo, 2009 ). We will employ 229 the latter nomenclature in the present work. The four CaGtt proteins display higher 230 homology among them than with S. cerevisiae Gtt1 and Gtt2, and CaGtt11/CaGtt12 231 and CaGtt13/CaGtt14 form two separate branches in a tree resulting from a multiple 232 alignment ( Supplementary Fig. S1 ). This therefore points to recent separate duplication 233 events in the C. albicans genome involving GTT11 and GTT12 on one hand and
234
GTT13 and GTT14 on the other. Interestingly, GTT12, GTT13 and GTT14 are in a 235 region of chromosome 3 which seems to have been subjected to duplication followed 236 by inversion (van het Hoog et al., 2007) .
238
Enzyme activities of CaGto1 and CaGtt11
239
We determined the enzyme activities of CaGto1 and CaGtt11. These are the two C.
240
albicans GSTs which have the more intense responses against a diversity of stresses
241
(see below). Recombinant CaGto1 and CaGtt11 were purified by affinity 242 chromatography from E. coli extracts for the in vitro determination of their activities.
9
CaGto1 had thiol oxidoreductase (with HED as substrate) and DHAR activities at levels 244 slightly lower than the purified S. cerevisiae Gto2 protein ( Fig. 2A) , while no detectable 245 activity was observed on CDNB (not shown). CaGtt11 displayed GSH-conjugating 246 activity on CDNB and also had activity as GSH-dependent peroxidase, in both cases 247 without significant differences with S. cerevisiae Gtt1 (Fig. 2B) . Therefore, CaGto1 and
248
CaGtt11 show similar activity patterns as the S. cerevisiae counterparts (Garcerá et al., 
274
GTT11 mRNA levels were at least 100-fold higher than those of the other three GTT 275 mRNAs. In addition, we could not detect upregulation of GTT12, GTT13 or GTT14 276 mRNAs upon oxidative, osmotic, alkaline or heat stresses (data not shown). In the 277 case of GTT11, an intense transitory induction was observed upon the same stress 278 conditions as for GTO1 (Fig. 3) . The exception was diethyl maleate, which induced 279 GTT11 expression only slightly over background levels. In contrast to GTO1, 280 expression of GTT11 was upregulated by cadmium treatment (Fig. 3) , similarly to 281 GTT1 and GTT2 in S. cerevisiae (Barreto et al., 2006) . In accordance with a previous 282 study (Michán & Pueyo, 2009) , GTT11 became upregulated upon entry into stationary 283 phase (Fig. 3) . Induction of expression of GTO1 and GTT11 in early stationary phase 
287
The upregulation of both GTO1 and GTT11 expression upon oxidative and 288 alkaline stresses is suggestive of some overlapping in the response to these stresses,
289
as occurs in S. cerevisiae (Viladevall et al., 2004) . In the budding yeast, a number of shown). However, other treatments resulted in significant differences of expression in 307 the mutants. Thus, the response of GTT11 to diamide stress was less intense in the 308 hog1 mutant (Fig. 4) . Also, the response of GTO1 to alkaline stress by KOH was 309 moderately dependent on Cap1, a fact which may be surprising since it is commonly 310 accepted that Cap1 is specific for the transcriptional response to oxidative stress.
311
Analysis of the GTO1 promoter (using the Regulatory Sequence Analysis Tools, 
319
GTO1 to osmotic stress (0.6 M KCl) was more intense in the cap1 and hog1 mutants 320 than in wild type cells (Fig. 4) 
362
In the case of freshly-prepared neutrophils, both CaGto1 and CaGtt11 became 363 upregulated also during the first two hours inside the phagocytic cells (Fig. 6A) . The (Table 1) . In this way, we observed that this 379 promoter was transitorily active in Candida cells inside macrophages and neutrophils,
380
and that the kinetics of expression was similar to that of CaGto1 and CaGtt11 proteins 381 (Fig. 6 , and data not shown). This supports the possible importance of CaGtt14 as a 382 defence mechanism during phagocytosis, in spite of the fact that the gene is not 383 expressed at significant levels in normal laboratory conditions.
384
In conclusion, the present study points to CaGto1 and CaGtt11 ( CgCAGL 0G0201g 
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